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INTRODUCTION 
The term mutation was coined by De Vries (1901) for the 
first time and he derived it from the Latin word " mutare" 
meaning to change. Since then it has been widely applied to 
cover up all kinds of hereditary changes may be genetypical or 
phenotypical resulting from germinal alterations. 
(i) in chromosome number (chromosome mutation/poloidy) 
(ii) in chromosome structure (chromosomal aberrations) 
(iii) within individual genes (gene mutation/molecular mutation) 
(iv) in somatic part (Somatic mutation). 
Mutation can be autogenous or exogenous. It may be 
spontaneous or induced. Fungi and bacteria are known to mutate 
under nutritional deficiencies and develop resistance to bacte-
riophage etc. The most common external causes inducing mutations 
are (i) radiation effect (X rays, y rays, U.V, rays and infra 
red rays etc.) (ii) chemical effects (chemical mutagens) 
Mutation is the only method by which allelic differences 
between genes can arise. Brock (1970) studied that induced muta-
tions are considered as an alternative to naturally occurring 
variations as the source of germ plasm for plant improvement 
programms and as an alternative to hybridization and recombination 
in plant breeding. The relative advantages of mutation and recom-
bination in plant breeding have been considered in relation to 
genetic nature of the trait to be improved in the breeding 
system of the species. 
The direction and rate of mutation vary in different 
genes. Mutations with large effects cause large disturbances 
in the normal development and functioning. Therefore, mutation 
with small effects are of importance in evolution. The muta-
tions are not directed by the environment and also they do not 
arise to fulfil any specified purpose for organism. Mutations 
arise and if they are useful to the organism they play their 
role in evolution. Induced mutations are more useful for yield, 
induction of earliness in the late varieties and alteration of 
grains (or seeds) quality etc. 
The physical mutagens have been used for many decades 
whereas the use of chemicals is relatively recent. In general, 
most mutation breeders prefer ionizing radiations due to easily 
applicability and high mutation frequency. Sometimes thermal 
and fast neutrons can be used. The dose to apply depends on 
the radiosensitivity of the species in general and that of plant 
part and the stage of development in particular. Plant parts 
which still have to produce new roots and shoots are more sensi-
tive than plant parts with existing root and shoot meristems. 
The rate of mutation depends on many external variables. 
Therefore, the frequency of mutation will be different under 
different conditions. With increasing doses the mutation 
frequency increases but survival and capacity to regenerate 
decreases. One must therefore, choose some point between a low 
dose (1009^  survival, low mutation frequency) and a high dose 
(low survival, higher mutation frequency). The dose also depends 
on the crop and the selection method. Another possibility is 
that mutagenic metabolites normally occurring in very low 
concentration in the cells might under certain physiological 
process reach a high concentration to become effective either by 
activation of en2yme or its inhibition. 
Though there were several attempt to induce mutations by 
chemical agents (Westergaard, 1957, Gustafsson 1969), the 
first definite evidence, that chemical agents can induce muta-
tions, was obtained by Auerbach and Flobson (1942), The chemicals 
occurring in plants are sulphur containing compounds (Rhodanide, 
KSCN), allyl isothyocyanate or mustard oil found in many cruci-
ferous plants especially in mustard; amines, amino acids and 
amides (tetra methylene diamine) found mainly in fungi and lower 
plants, nitrogen free acids, aldehydes, alkaloids^ phenols and 
quinols, coumarines and its derivatives, widely distributed in 
plants. Others, though not in free state are the purines, 
nucleic acid and its degradation products as also deoxyribose 
and ribo-nucleic acids, 
Helianthus annuus L, selected for the present study 
belongs to the family compositae which includes about 20,000 
species and cosmopolitan, being distributed almost throughout 
the world. 
Sunflower probably originated in the south-west United 
States Mexico area (Heiser, 1976; Vranceanu, 1974). However, it 
appears that sunflower as a cultivated plant was reintroduced 
to North America from Europe in the late nineteenth century. It 
was introduced to Europe in the sixteenth century and the first 
published description under the name Chrysanthemum peruvianum 
appeared in a herbal by the Belgian Rembert, Dodoens in 1568, 
The post war introduction of Russian varieties such as 
PeiftiDvik followed by Mennonite and sunrise, which were suitable 
for mechanized harvesting, had an immense impact on the develop-
ment of sunflower as a commercial crop in Europe and the Americas, 
Helianthus annuus has long been grown as an ornamental, 
oil yielding and fodder plant and both annual and perennial 
types, A number of forms with single or double .flowers in 
yellow golden and red shades have been developed by intensive 
breeding work. 
The plant contains a saponin, ascorbic acid (92,2-156,3 mg/ 
100 g fresh wt.), carotene (0.119i), citric acid, malic acid 
(img/gm. fresh seed wt.) and small amounts of malonic, lactic, 
succinic, aconitic and fumaric acids in the leaves. Sunflower 
seeds are diuretic and expectorant. They have been used in 
bronchial, laryngeal and pulmonary infections, coughs and cold 
etc. 
Realizing the importance of Hellanthus the mutagenic 
treatments have been carried out by different concentrations of 
Sodium azide^Dimethyl sulfate (DMS), Thiourea, caffeine and 
Ethylene diamine tetra acetic acid (EDTA) at seed level. The 
parameters of the present study are seed germination, seedling 
growth, mutation frequency by observing morphological variations 
at seedling and mature stage, habit of plants, nature of flower-
ing, branching if any, yield and so on. Later, the quantity 
and quality with respect to its constituents will be analysed 
and compared_, along with other characters^ with the control 
populations. More stress will be given to carry out cytological 
investigations in detail in control and treated populations and 
possible reasons of chromosomal mutations and their relationship 
with morphological characters will be worked out to establish 
the importance of mutations. 
MATERIAL AND METHOD 
1 . (SNERAL : 
The certified healthy seeds of Helianthus annuus var. 
morden were obtained from Kaniataka Seeds Corporation, Banglore. 
Fifty seeds were subjected to treatments in each concentration 
of different chemical mutagens for A8 hours. The concentrations 
of the mutagens, Ethylene diamine tetra acetic acid (EDTA), 
Dimethyl sulphate {MS), Thiourea and Caffeine were 0.2, 0.4, 
0.6, 0.8, 1, 2, 2.5, 3, 3.5 and h% and those of Sodiiam azide (SA) 
were O.OA, 0.06, 0.08, 0.1, 0.2, 0,4, 0.6, 0,8, 1 and 2%, The 
solutions of mutagens were prepared in distilled water. Two sets 
of 50 seeds were soaked simply in distilled water as control. 
Each concentration was replaced by fresh solution after every 
12 hours. After the completion of A8 hours the seeds were thorou-
ghly washed in fresh water then sown in pots containing well 
manured soil and transplanted after a month. 
2. PREPARATION OF CHEMICAL MUTAGENS : 
Chemical mutagens were dissolved in distilled water accord-
ing to the required concentrations. The solutions of Dimethyl 
sulphate, Thiourea, Caffeine and Sodium azide were prepared in 
distilled water. Ethylene diamine tetra acetic acid is first 
dissolved in minimum quantity of absolute alcohol and then diluted 
to required concentrations. 
3. GERMINATION STUDIES 
Seed germination started on 4th day and germination is 
recorded on Ath, 7th, 10th, 13th, I6th and 19th days after 
sowing till the maximum germination was attained. The percen-
tage of seed germination was counted by the following formula 
^ . ^. . No,of seeds germinated ^^^ 
Germination percentage = • ° x 100 
No, of seeds sown 
The delaying e f f e c t of mutagens was recorded on the b a s i s of 
the days taken for germination in the t r e a t e d p o p u l a t i o n s , 
4 . SEEDLING MORPHOLOGY 
The parameters of morphological mutations are size and 
shape of cotyledonary and vegetative leaves and habit at seedl-
ing stage, 
5. GROWTH OF SEEDLING : 
The he igh t of seed l ings of c o n t r o l as we l l as t r e a t e d 
popu la t ions was measured on 4 t h , 7 th , 10th, l 6 t h and 19th days 
a f t e r sowing. Height i s measured from the s o i l sur face i ^ to the 
growing t i p . 
6 . HEIGHT INJURY OF SEEDLING AND MATURE PLANT : 
Height in ju ry i s c a l c u l a t e d by the fol lowing formula -
Height in jury (%) = "^ " "^ x 100 
He 
8 
where, He = height of control seedlings or mature plants. 
Ht = height of treated seedlings or mature plants, 
7 . MUTATION FREQUENCY 
Fbllowing method i s adopted to c a l c u l a t e mutat ion 
frequency. 
Mutation frequency i%) = 
No. of mutated p l a n t s ^^^ 
Total No. of germinated p l a n t s 
8 . PLANT MORPHOLOGY 
The morphological mutat ions were s e l e c t e d on the b a s i s 
of v i s i b l e p h y s i c a l c h a r a c t e r s and dev ia t ions from the normal 
behaviour of the p l a n t s as compared to c o n t r o l . The parameters 
of morphological mutat ions were h a b i t of s eed l ings and p l a n t s , 
shape and s i ze of l eaves , branching, flowering and he igh t of 
the mature p l a n t s . 
9 . CYTOLOGICAL STUDIES 
(A) FIXATION OF FLOWER BUDS : 
Young flower buds were fixed between 8,00 - 11,30 am in 
Carney ' s s o l u t i o n (6 p a r t abso lu t e a l c o h o l : 3 p a r t s chloroform: 
1 p a r t a c e t i c ac id g l a c i a l ) for 40-A5 minutes o r u n t i l c h l o r o -
p h y l l i s completely d i s s o l v e d . Buds were then t r a n s f e r r e d to 
propionic acid (saturated with fer r ic ace ta te ) for 24 hours 
and then stored in 70% alcohol, 
(B) PREPARATION OF PROPIONOCARMINE 
A mixture of p rop ion ic ac id (45 cc) and d i s t i l l e d 
water (55 cc) was prepared warmed on hot p l a t e and 0 ,5 gm 
carmine powder was d issolved in i t to prepare 0,5% prop iono-
carmine s o l u t i o n . 
(C) SQUASHING AND SLIDE PREPARATION : 
Anthers were squashed in 0,5% propionocarmine, dehyd-
r a t e d in NBA s e r i e s , moiinted in canada balsam and kept i n i n c u -
b a t o r a t 45-50°C temperature for 2-3 days, 
10. STUDY OF POLLEN MORPHOLOGY AND FERTILITY 
Pol len s i z e and f e r t i l i t y were s tud ied for a l l t r e a t -
ments inc luding c o n t r o l from fresh po l l en samples . Anthers o f 
the randomly s e l e c t e d p l a n t s were squashed in 0,5% p rop iono -
carmine and then covered with cover g l a s s e s . Fully s t a i n e d p o l l e n 
g ra ins with smooth and r e g u l a r out l i n e were counted as f e r t i l e 
while uns ta ined , empty, shrunken and deshaped p o l l e n g ra ins were 
counted as s t e r i l e . Size of the p o l l e n g ra ins of c o n t r o l and 
t r e a t e d p l a n t s i s measured from the same s l i d e s prepared for the 
study of p o l l e n f e r t i l i t y . The p o l l e n f e r t i l i t y / s t e r i l i t y a re 
measured by the following formula. 
f e r t i l e p o l l e n g ra ins 
Pol len f e r t i l i t y = x 100 
Tota l p o l l e n g ra ins 
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11. YIELD : 
Yield would be calculated on the basis of total number 
of seeds per plant in control and in treated populations. 
Increase or decrease in yield of treated plants over control 
would also be calculated at the later stages, 
STATISTICAL ANALYSIS 
Observations recorded on seedling growth, mutation 
frequency, pollen grains etc, in different treatments, together 
with the control, have been subjected to statistical analysis 
with a view to find out the extent of variations induced by the 
chemical mutagens. 
Mean : It is a measure of central tendency of distribution and 
defined as the sum of all individual observations divided by 
total number of readings (replicates). 
Mean X = SJi 
N 
where, X = Ind iv idua l read ings 
N = Number of r e p l i c a t e s . 
STANDARD DEVUTIONS (SP) 
I t i s p o s i t i v e square roo t of the average of sum of 
squares of dev i a t i ons of a l l obse rva t ions from t h e i r means. I t 
i s c a l c u l a t e d by computer, based on the formula 
n 
11 
or = r 
n 
where, X = individual readings 
X = mean of all the readings 
n = nijmber of implicates 
COEFFICIENT OF VARIATIONS (CV) 
It measures the relative magnitude of variation present 
in observations relative to the magnitude of their arithmatic 
mean. It is defined as the rate of standard deviation to 
arithmatic mean expressed as a percentage, 
CV = X 100 
mean 
REVIEW OF LITEfUTURS 
The idea of inducing mutat ions and u t i l i z i n g them for 
improving c u l t i v a t e d p l a n t s i s more than e igh ty yea r s o l d . 
Mutation i s a very va luable approach to p l a n t b reed ing as fa r 
as improving the c h a r a c t e r s , changing the ba s i c genotype and 
sho r t en ing the normal l i f e cycle o f a v a r i e t y i s concerned. 
The occurrence of sudden changes in the r aces was f i r s t 
suggested by Hugo De Vries (1901) on the Oenothera, lamarcklana . 
He proposed the use of r a d i a t i o n for the induc t ion of muta t ion . 
Gager (1908) app l ied X-rays for the induc t ion of mutat ions i n 
v e g e t a t i v e c e l l s , Morgan (1911) observed spontaneous muta t ion 
i n Drosophi la . Nilsson Ehle (1914) a l so suggested the p o s s i b i -
l i t i e s of inducing muta t ions . F i r s t success fu l a t t empt was made 
by Muller (1927) for the d iscovery of induced m u t a b i l i t y and i t s 
frequency in Drosophi la . Al tenberg (1928) showed t h a t the frequency 
o r t r a n s l o c a t i o n s was increased by r a d i a t i o n . Successes with 
X-rays were achieved by S t a d l e r (1928) i n ba r l ey and by Goodspeed 
(1929) in Datura and Nico t i ana . 
Sapehin (1930, 1934) and Delaunay (1932, 1934) used X-rays for 
the induc t ion o f mu ta t ions . The r a d i a t i o n g e n e t i c s r a p i d l y 
developed in to an invent ive s e c t i o n of biology with the inven t ion 
of Gene and Tre f fe r Theory (Timofeeff Ressovsky e t a l . , 1935) # 
Severa l types of ion iz ing r a d i a t i o n s v i z . X-rays , gamma r a y s , 
p r o t o n s , fest and thermal neu t rons , a lpha and be ta p a r t i c l e s have 
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been shown to have mutagenic proper t ies (lAEAjl970). The only 
non-ionizing type of radiat ion carrying mutagenic p o t e n t i a l i s 
u l t r av io l e t radia t ion (IAEA, 1970) of these gamma rays are 
considered more sui table for induction of mutations in plants^ 
because they have a shorter wave length (10"'-^ - 10"" cm) and 
therefore, possess more energy per photon. These are also 
capable of deep penetration in the t i s sue (IAEA, 1970), 
Mutation plays a great role in the evolution of new 
species . The role of mutations in evolution was emphasized by 
Baur (l92A)5'tubb and Wettstein (1941). The only evidence given 
by Scossi rol l (1964) and Buzzato Traverse (1955) on the p o s s i -
b i l i t i e s of increasing the ra te of evolution towards be t t e r 
adaptabi l i ty to special environment in populations and by 
Gregory (1955) on the p o s s i b i l i t y of improving the response in 
peanuts to a r t i f i c i a l se lect ion for quant i ta t ive t r a i t s , opened 
the new field of the use of radiat ions in p l an t bleeding, 
Benzer and Freese (1958) analysed mutagen s p e c i f i c i t i e s 
in micro organisms and Viruses, Ereese e t a l , (1961) reported 
tha t mutagen spec i f i c i t i e s also occur in crop p l a n t s . Subs t i tu-
t ion and chromosomal reconstruction c lear ly demonstrated by 
Sears (1956) i s now a valuable too l in planned p lan t genetics 
and breeding (Gustafssen, 1969), 
Another milestone in the his tory of induced mutations i s 
the discovery of chemical mutagens during the world war second. 
So the use of chemical mutagens is recent in or ig in and they have 
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been used extensively only during the last decade in India and 
other countries of the world. Chemical mutagenesis for the first 
time was tried by Schiemann (1912) on Aspergillus niger, 
Sacharov (1932) later confirmed by Stubbe (1940) in 
Neurospora used iodine as a successful mutagenic agent in 
Drosophila. Stubbe (1937, 1938) summarized previous data on 
chemical mutagenesis. Although the claims of successful induc-
tion of mutations with chemicals were made long back, but 
conclusive results were obtained by Auerbach and Robson (1942) 
and Oehlkers (1943). Auerbach and Robson (1942) induced " gene 
mutation" in Pro soph ila melanogaster after using mustard gas, 
and Oehlkers (1943) studied the induction of chromosomal trans-
locations in Oenothera lamarckiana by urethane. The large number 
of chemical compounds are known to possess mutagenic qualities 
and their number is continuously increasing. These substances 
may be broadly divided into many categories (After IAEA, 1970), 
A considerable amount of mutagenic work have been done by 
physical and chemical mutagens on Helianthus annuus L,^Lyashchenko 
and Ulitchevaj 1971). Kovachick (1973) gave the effect of gamma 
radiation in Helianthus annuus and observed the decrease nucleic 
acid content with a dose and effect on storage of irradiated 
achens. 
Chlorophyll mutation, single and paired bridges and cells 
with paired fragments have been observed in Helianthus annuus 
after post gamma radiation (Sizova, 1976). 
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Designat ions have r e c e n t l y been proposed for the genome 
concerned in the evolu t ion of Hel ianthus spp . (Anashchenko, 
1974). 
Plotnikov (1973) po in ted out ch lo rophy l l muta t ion , 
mutat ions of male and female s t e r i l i t y by the t r ea tmen t o f IX^ S 
in sunflower, 
GAFFE INS 
(1 ,3 ,7 - t r i r a e thy lxan th ine ) [CgH-j^N^O^] (Gibbs, 1974) 
Most o f the popula t ion o f the world i s exposed to 
Caffeine to a g r e a t e r or l e s s e r ex t en t s ince i t occurs i n a 
number of p l a n t s used in the p r e p a r a t i o n of d r inks and has , i n 
a d d i t i o n , a l imi t ed t h e r a p e u t i c u se . The a b i l i t y o f ca f fe ine 
to p o t e n t i a t e the l e t h a l mutagenic and chromosome breaking 
e f f e c t s has a t t r a c t e d p a r t i c u l a r a t t e n t i o n dur ing the r e c e n t 
y e a r s . 
Caffeine e x h i b i t s two d i s t i n c t a c t i o n s with regards to 
c e l l v i a b i l i t y . In some systems i t i s i t s e l f l e t h a l u sua l l y a t 
r e l a t i v e l y high concen t ra t ions while in o t h e r s i t i s s y n e r g i s t i c 
and l e s s commonly a n t a g o n i s t i c with o t h e r k i l l i n g a g e n t s . The 
e f f e c t in combination with o t h e r agents may in some cases bg. 
caused by Caffeine i n h i b i t i o n of r e p a i r p r o c e s s e s . 
An important and c h a r a c t e r i s t i c p r o p e r t y of ca f fe ine which 
i s confined to p l a n t c e l l s i s i t s a b i l i t y to cause a f a i l u r e o f 
c e l l wal l formation following m i t o s i s . This r e s u l t s i n the 
formation, f i r s t , of b inuc lea t e and l a t e r i f the t r ea tmen t i s 
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continued polynucleate c e l l s . This effect has been observed 
in Allium root ce l l s where the threshold concentration l i e s 
between 0.02 and ,0h% (Kihlman and Levan, 1949), 
The mutagenic effect of caffeine was detected by Fries 
and Kihlman (19A8) on Ophiostoma-tnultiannulatum, The chromosome 
breaking effect of caffeine was demonstrated in p l an t s by 
Kihlman and Levan (19A9). Demerec et a l . ( l 9 5 l ) es tabl ished the 
mutagenic ac t i v i t y of caffeine in bacter ia and fimgi and Andrew 
(1959) in Drosophila. Later, Kihlman (1961, 1966) reported 
tha t sub-chromatid and chromatid exchanges types of aberra t ions 
predominate. According to Ostertag* (1965) caffeine-induced 
breakage i s rea l ised only during DNA synthesis (at metaphase). 
In Allium sativum root t i p s , caffeine a t low concentrations 
induced the formation of chromosome bridges, r ing chromosomes 
and micronucli (Koerting-Keiffer and Mickey, 1969), Caffeine 
has been shown to inh ib i t or delay mitosis in: a wide range of 
c e l l types act ing e i the r alone or in recombination (Doman and 
Rauth, 1969). Loprieno and Schuepbach (1971) showed tha t 
caffeine inh ib i t s meiotic recombinations and UV or chemically 
induced mutations in the yeas t . Further, Loprieno e t a l , ( l 973 ) 
invest igated tha t caffeine reduces the frequency of s ingle c ross -
overs and strongly decreases the probabi l i ty of second c ross -
over near centromere. According to Kihlman e t a l , (1973) 
caffeine increases the chromosomal aberrat ions induced by a 
var ie ty of mono- and poly-functional a lkyla t ing agents in Vicia 
fciba. Further invest igat ion on higher organisms reveal the 
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mutagenic and modifying action of caffeine (Kihlman e t al , ,1974)» 
Kihlman et a l . (1974) demonstrated tha t caffeine inh ib i t s post 
rep l ica t ion repai r of DNA damage, po ten t ia tes chromosome damage 
and reproductive death. 
Caffeine almost doubled the ra te of mi tot ic crossing 
over in in v i t ro c e l l culture of Nicotiana tabacum (Carlson, 
1974), Chromosome damage induced by a lkyla t ing agents i s 
strongly potentiated by caffeine in several systems. On the 
other hand by ionizing radia t ion i t i s f&r less pronounced and 
observed onlybismall c e l l systems (Swietlinska and Zuk, 1974). 
The caffeine post-treatment considerably potent ia ted the EMS 
induced M^  generation seedling height reduction (Odchner and 
Veleminsky, 1974). 
Veleminsky e t a l , (1975) concluded tha t caffeine enhanced 
the biological damage by act ing in the ' S ' phase and inh ib i t ing 
the repa i r of DNA damage in the newly synthesized DNA t rands . 
Barley seeds when t reated with caffeine a t various times 
a f t e r germination, doubled the yie ld of chromosomal aberra t ions 
(Martel e t a l . , 1975). Moreover, caffeine post treatment 
increased aberrat ion yie ld both a t early and l a t e germination 
time and pretreatment was effect ive only a t early stage of germi-
nation (Martel e t a l . , I975r; ftegina and 2ofia, 1978). 
I f applied a f te r gamma i r r ad ia t ion , i t strongly decreased 
the frequency of chromosomal aberrat ions and i t s effect was the 
most intensive when caffeine appl icat ion immediately followed the 
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i r r a d i a t i o n (Dimitrov, 1981), S imi l a r ly i t reduced chromatid 
t r a n s l o c a t i o n in bar ley (Nicoloff and Riegar 1985) . 
SODIUM AZIDE (SA) (NaN^) 
Sodium az ide has been known s ince 19A8 and ex tens ive ly 
s tud ied in the l a s t 10-15 y e a r s . 
As a common labora to ry chemical i t i s probably b e s t known 
as a r e s p i r a t i o n po i son . To the chemist i t i s known for i t s 
a b i l i t y to undergo numerous r e a c t i o n s and c o n t r i b u t e n i t r o g e n 
atoms. To the mic rob io log i s t sodium-azide p rov ides a convenient 
way of d i f f e r e n t i a l l y s e l e c t i n g gram-pos i t ive from gram-negative 
b a c t e r i a . I t i s a l so used in a number of o t h e r more s p e c i a l i z e d 
s e l e c t i o n procedures (Difco manual, 9th a d i t i o n , Difco Labora to-
r i e s Inc . D e t r o i t , 1953). 
Sodium az ide has been t r i e d by s e v e r a l workers t o induce 
morphological v a r i a t i o n s as wel l as chromosomal a b e r r a t i o n s . 
Some important mutani-s induced by sodium az ide a r e l e a f mutant , 
dwarf mutant, v i a b l e mutant and ch lo rophy l l mutants e t c . Chromo-
somal a b e r r a t i o n s l i k e t r a n s l o c a t i o n s , f ragmentat ion, u n i v a l e n t s , 
b r idges and laggards were a l so observed i f the p l a n t p a r t o r 
seeds were t r e a t e d with Sodium a z i d e . I t s mutagenic i ty was f i r s t 
observed by wyss e t a l . (1948) i n t h e i r s t u d i e s on the r o l e o f 
penoxides i n r a d i a t i o n induced mutagenes is . I t s mutagen ic i ty 
i n h igher p l a n t s was discovered i n a d v e r t i v e l y i n experiments 
us ing t h i s chemical as a r e s p i r a t i o n i n h i b i t o r i n b a r l e y . 
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Spence (1965) studied that sodium azide induced about a 6% 
chlorophyll deficient seedling mutation frequency. 
The low concentration frequency was assumed to be due to 
the inhibition of catalase and peroxidase and the subsequent 
presumed increase in peroxide concentration in cell. The muta-
tion frequency obtained with sodium azide treatment was increased 
to about 20% by using treatment solutions at pH values below 
the pka of azide (Sideris, 1968). It is believed that NH^ 
molecules penetrate the wall membrane with greater ease than the 
N^ ions> thus explaining the more effective mutagenesis treatments 
at the lower pH values (Sideris, 1968), On the other hand Tabil 
and Shkvarnikov (1979) emphasized that sodium azide produces 
approximately a 2096 decrease in the frequency of chromosomal 
aberrations induced by nitrosomethyl urea in spring bread wheat. 
Sodium azide inhibited both protein synthesis and repli-
cative DNA synthesis in growing barley embryos. The inhibition 
was dependent on the dose of azide and was strong even at the 
lowest dose used for mutation induction (Sideris et al., 1973). 
Nilan et al. (1973) proposed that sodium azide is sL^ jposed to be 
most effective mutagen in barley. Further, Kbnzak et al. (1975) 
reported that sodium azide has been more effective and efficient 
mutagen in terms of chlorophyll dificient morphological and iso-
chemical mutations in barley. Hadwiger et al.(l976) reported 
it to be highly effective in Peas. The major limitation appear? 
to be azide's volatility in acid conditions and rapid decomposi-
tion in soil (Ketchersil and Markle, 1976). Khalatkar et al,(l979) 
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studied comparative mutagenicity of sodium azide alone and 
in combination with EMS in Hordium vulgare, The influence of 
grov/th regulators on genetic effects of sodium azide was studied 
by Singh et al. (1980) and they reported that post treatments 
were most effective against mutagen induced plant growth inJuxT-
and gave a slightly higher frequency of mutations. In combined 
treatment with Sodium azide and propane sultone Singh et al, 
(1980) reported mutation in Hordeum. when seeds were treated 
with different concentrations of PS and SA (propane sultone was 
post treated with SA), 
Kashikar and Khaltkar (1980) induced low mutation frequency 
by the use of Sodium azide, EMS and ethyleneimine in Petunia 
hybrida, Yang and Lee (1981) Induced leaf and dwarf mutants in 
Musa paradlsj^ ca when emerging seedlings were treated with SA, 
DES, NMU and EMS, Mutagenic actions of SA have also been studied 
on Scenedesmus acutus (Nikolov and Venska, 1982) and barley 
(Gechev et al,, 1982). Yaleminsky et al. (1987) proposed that 
the in vitro synthesized sodium azide mutagenic metabolic produce 
single strand breaks in barley embryos. 
EDTA [Ethylene diamine tetra acetic acid] [CH2.N (CH2C00H)2]^ 
Ethylene diamine tetra acetic acid binds calcium and 
magnesium ions of DNA molecules, so its effect on cell division 
is indirectly due to lack of these ions. The decreasing order 
of calcium and magnesium ions, results in structural instability 
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of chromosomes. The effects produced by EDTA are the result 
of complex formation between EDTA and Calcium and Magnisium 
ions. 
EDTA causes complete mitotic inhibition at higher concen-
trations or at long treatment periods. Chromosomal aberrations 
included stickiness, lesions, gaps and breaks, fragmentation, 
chromosomal union,chromatid exchange, bridges and laggards at 
anaphase and multinucleate cells (Aarsen and Fritts, 1986), 
Treatment of cells with EDTA altered the protein glycosylation 
in slime mold. It resulted in accumulation of lower molecular 
weight form of two cell type specific glycoproteins (West and 
Steven, 1988), 
HYBRIDIZATION : Hybrids of inbred lines of sunflower have given 
the biggest increase in yield and oil content and are in general 
commercial use. Named hybrids of known performance are now 
available in many countries from reputable seed companies. The 
introduction of hybrid sunflower in the late 1970's has radically 
improved profitability and therefore, long term prospects for the 
crop. Hybrid sunflower has important advantages over open-
pollinated varieties. It produces very high seed yield, has 
increasing seed-oil content, flowers over a short period and has 
a short, sturdy stem with a single head. All these characteris-
tics increase the amount of mechanization possible and add to its 
efficiency. Many hybrids are also drought resistant, or 
resistant to some insect pests or diseases. 
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Vegetative hybridization has been reported from USSR, with 
grafts of sunflower on safflower and sunflower on Xanthium 
strumarium. Kinman (1970) produced hybrid sunflowers and 
cultivars with short stems suitable for mechanical production. 
Cockerell (1979) studied hybrid sunflower Autosyndesis 
and structural hybridity in F1 hybrid Helianthus tuberosus L x 
Helianthus annuus L. and their sequences, fferreitcj (1981 ) 
studied hybridization and introgression between Helianthus annuus 
and Helianthus petlolaris and observed that ollc acid concen-
tration decreased and linoleic acid concentration increased 
linearly as planting dates were delayed, Bohorava and Georieva 
(1987) reported hybridization between Helianthus annuus L, 
(2n=34) and Helianthus hirsutus (2n=68) and concluded that 
pairing had occurred mainly between perently homo|,ogous chromosome 
of both species. 
The weedy race of Helianthus bolanderl had originated by 
the introgression of genus from Helianthus annuus into the 
superficial race of H. bolanderl (Karmakar and SrivdStheva, 1968). 
Khristov (1988) studied that in the course of hybridization 
at conditions existing in the field crosses between H. agro-
phyllus and the cultivated sunflower (H. annuus) are relatively 
easy & interspecific incompatibility is manifested at stages 
of embryonal development, Jordanka (1988) analysed F^  hybrids 
between H, annuus and _H, de cape talus and the study on the effect 
of back-crossing on cytological and phenotypical stabilization 
substantiate the conclusion that both are used in sunflower 
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hybridization programmes. Gubbels and Dedio (1988) detected 
that plant height was reduced and achene yield was increased 
for the early hybrid of the sunflower, Deibert (1989) observed 
that early maturing sunflower hybrids are better adapted to the 
dryland areas of the cool northern states, because seed yield 
and quality irrespective of tillage or weed control method were 
equal to or better than those for late maturing hybrids, 
STERILITY AND INCOMPATIBILITY 
Throughout the entire plant kindgom species of annual 
flowering plants tend to be easily, if not obligately, self-
fertilized. The term sterility generally includes all those 
cases where there is failure of production of viable offsprings, 
fruits, seeds or even any of the products expected by man, 
Stebbins (1950) stated that a relationship probably exists 
between length of life cycle and the kinds of opportunities 
for gene recombination within a species. Thus perennials vrtiich 
reproduce infrequently have less opportunity for genetic recom-
bination per unit of time because the period of time between 
generations is long, but they have more opportimity for genetic 
recombination per reproductive cycle because they are obligate 
cross pollinators. Thus the extent to which a crop species will 
set seed is an important problem with which the plant breeder 
must deal. The sterility is also applied to those cases in which 
the inability to obtain seed set results from failure of the 
pollen or ovules of normal function. Any abnormal or imperfect 
development of the reproductive parts may cause sterility. 
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Leclerq (1959) found cytoplasmic male sterility in 
crosses between Helianthus petiolaris and Helianthus annuus. 
Combined with fertility restorer genes Kinman (1970) produced 
hybrid sunflowers and cultivars with short stem suitable for 
mechanical production. Ivanov (1975) studied the compatibility 
and incompatibility display in crossing selfed sunflower lines, 
Koves and Frank (1978) induced the male sterility in Helianthus 
by relatively high GA levels and low lAA levels. Vranceanu and 
stoenescu (1978) emphasized the genes for pollen sterility 
restoration in sunflower. Further they (1978) studied the 
influence of different genetic and environmental f&ctors on 
pollen self compatibility in sunflower, 
Male and female sterility can also be chemically induced 
(Torres et al., 1979). Whelan (1981 ) observed cytoplasmic male 
sterility in the hybrid of a cross between Helianthus giganteus X 
Helianthus annuus. George and Shein (1980) pointed out the 
effect of stigmatic manipulation on pollination and seed set in 
sunflowers. Leroy et al. (1986) are of the opinion that 
mitochondrial DNA is related with male sterility and fertility 
in sunflower. 
Grouzillat et al.(l987) described the molecular analysis 
of mitochondrial genome of Helianthus annuus in relation to 
cytoplasmic male sterility and phylogeny and concluded that the 
mitochondrial plasmid P. was cloned, translated and hybridized 
with mitochondrial DNA from different lines of fertile male. 
25 
Swaray and Gir i ra j (1989) evaluated the sunflower populations for 
se l f compatibili ty over seasons, 
CYTOLOGY 
Majority of Hellanthus annuus L., the common sunflower, 
has the somatic number 2n=34. It also occurs in polyploid 
conditions having 2n=68 (4x), 2n=102 (6x). Exceptionally 
2n=14, 28 or 32 are also found (Prokopenko, 1975). 
Turner and David (1966) reported chromosome number in 
the compositae in North American species, Tanaka (1967) pointed 
out a comparative karyotype analysis such as breakage, bridges 
and laggards in Haplopappus gracilis (2n=4) and H. ravenii (2n=8). 
Gupta (1969) Gupta et al. (1972) carried out the cytolo-
gical investigations in some Indian compositae and Singhvi (197A) 
studied Karyomorphology in some desert compositae, A compara-
tive study of cytogenetic effects of two culture media on 
suspension of Haplopappus gracilis is done by Singh (1976), He 
observed that the frequency of abnormal anaphase configurations 
was higher. Single and paired bridges and cells with paired 
fragments have been observed in Helianthus annuus arter post gamma 
irradiation (Sizova, 1976), 
Werry et al, (1977) concluded that the relative position 
of interphase chromosomes is reflected by the relative position 
of metaphase chromosomes in Haplopappus gracilis. In Helianthus 
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sa l lc l fo l l i i s the chromosome morphology suggests tha t the 
diploid genome of th i s species i s d i f ferent from the other 
perennial species resu l t ing in fai lure of in te r spec i f i c cross 
(Georgieva and Lakova, 1978), Al-Allaf and Godward (1973) 
analysed the Karyotype of four va r i e t i e s of Helianthus annuus 
(2n=34) and observed tha t metaphase from each var ie ty revealed 
no v a r i e t a l differences so f&r as chromosome morphology and 
posi t ion of centromeres are concerned. In a Karyotype study 
the chromosomal arrangement pa t te rn and behaviour in normal and 
caffeine t reated binucleate meristematic ce l l s of the root t i p s 
of Haplopappus g rac i l i s (2n=4) was in most of the cases same 
(Tanaka, 1967), Mathew and Ma the w (1982) also carr ied out the 
detai led karyomorphology of e ight species of Vernonia and nine 
species of Blumea of the family compositae, F^rgerberg (1984) 
observed cytological changes in the volume of the pal isade c e l l s 
of developing sunflower leaves. 
The occurrence of chromatin bridges and laggards during 
meiosis in ethyle methane sulfonate t reated (Hasan and Chaghtai 
1981) and 2, 4-D treated progeny (Siddiqui e t a l , 1982) has been 
reported in Helianthus annuus. Yoshihiko-Yonezawa (1981) 
observed a ' J ' shaped chromosome in Haplopappus g r a c i l i s . The 
reason of t h i s t ransposi t ion of centromere according to him (1981) 
was presumed to be an actuation of the supposed centromere in 
the sub-tenninal pos i t ion , Ashmore and Shapcott (1989) obtained 
polyploids by cal lus and suspension c e l l c u l t u r e s . In poly-
p lo ids , the chromosome loss and re-arrangement occurred to give 
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r i s e aneuploids and chromosome bridges a t anaphase in Haplopappus 
g r a c i l i s . 
By the colchicine treatment the Karyotypic changes such 
as breakage, polyploids and haploids in Helianthus annuus 
(Neagu e t a l . , l 9 6 6 ) and multivalent chromosomes in Helianthus 
annuus and H. lac in ia tus (X = 17) (Celal, 1980) have been 
produced, 
A small amount of mutational work has been car r ied out 
in compositae pa r t i cu la r ly Helianthus species . Considering i t s 
importance the plant needs more a t t en t ion in the f ie lds of 
breeding and mutagenesis. 
Mode of action of chemical mutagens : 
The mechanisms of action I s not the same for a l l radiomi-
metic agents and, inf&ct, i s not known for many of them. Certain 
agents, such as mustard and re la ted a lkyla t ing compound^ may 
react with biological molecules, such as DNA, by a lkyla t ion of 
the guanine bases. The most in te res t ing feature of many mutagenic 
agents i s t he i r localized effect upon the chromosomes. This 
effect i s usually demonstrated as a higher frequency of breaks 
in the heterochroma t i c regions of the chromosomes than in the 
euchromatic regions. The breakage pat tern i s non-random, in 
contras t to t h a t induced by ionizing r ad i a t i ons . Some of the 
agents exhibi t ing th i s spec i f ic i ty of act ion are maleic hydrazide, 
8-ethoxycaffeine, diepoxy-butane, and 3-propiolactone. 
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Mode of Action of Physical mutagens : 
After much study of the mechanism of mutation we s t i l l 
know l i t t l e about the types of chemical changes tha t r e s u l t s 
from mutations induced by X-rays, gamma-rays, u l t r av io l e t rays 
e t c . X-rays, gamma rays, p-rays, and neutrons are grouped 
together as ionizing radiat ions and can produce point mutations 
or chromosomal aberra t ions . The number of mutations usually 
increases proportionally with the dose of r ad ia t ion . In contras t 
to mutations, which increase proportionally with dose chrotiosomal 
aberrat ions increase exponentially with the dose. In the produc-
t ion of few an t ib io t i c s and p lan t s , i r r ad ia t ion i s being used to 
economic advantage. 
In the ionization process pos i t ive r ad ica l ions and 
free electrons are produced. In biological systems the e lectron 
i s trapped in the polar surroundings and there i s time for the 
rad ica l ion, which is both unstable and react ive to reac t with 
other molecules or pass through in te rna l rearrangements. In 
water solutions the free electron can polarize a number of water 
molecules and become what i s cal led hydrated e lectron (e ao ) . 
The free radicals generated in solut ion wi l l sooner or l a t e r 
recorabine with each other to form stable products . I f molecular 
oxygen ( b i rad ica l ) i s present , i t reacts readi ly with rad ia t ion 
induced free radica ls to form peroxyradicals . Oxygen both changes 
and enhances the yield of products in radiated systems. 
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Chemical changes in molecules^ also occur in process where 
the primary energy absorption takes place in another molecule. 
The best example is water solut ion, where most of the rad ia t ion 
energy is deposited in ionizations of water molecules. 
H2O radia t ion ^ J^Q* + e' 
e 
e~aq 
+ 
H + OH 
e" aq 
H* + OH 
Recombination in the free radicals will result in the produc-
tion of: 
e aq. + e~ aq Hp + 20H"" 
H + H° H2 
0H°+0H H2O2 
Hydrogen peroxide, being highly reactive may be responsible 
for some of the mutations. Irradiation, therefore, may be 
highly mutagenic because of its direct as well as indirect 
effects. It can cause chromosome breakage, oxydation of deoxy 
ribose deamination and dehydroxylation of bases and formation 
of peroxides. 
MORPHOLOGICAL DESCRIPTION 
HeliaLT>thus Linn, Asteraceae nom-alt-composltae, 
The sunflower (Helianthus annuus L.) is a member of the 
f&mily compositae, a large and successful f&mily of flowering 
plants occurring throughout the world. The genus Helianthus 
is named from the Green Helios meaning sun and anthos flower. 
Sunflower probably originated in the South West United 
States Mexico area (Heiser, 1976 ; Vranceanu, 1974), It v&a 
introduced to Europe in the sixteenth century and the first 
published description under the name Chrysanthemum peruvianus 
appeared in a herbal by the Belgian, Rembert Dodoens in 1568, 
Numerous natural hybrids exist making the genus very variable 
and delimination of species is rather difficult. Some species 
are grown in India for ornamental purposes. Two of them, 
Helianthus annuus and H, tuberosus are well known, 
Helianthus annuus Linn. 
HABIT : Annual herb, 
ROOT : The root system is substantial but often shallow, 
although the tap root can be fond, 
STEM : Aerial, erect, rOugh, hairy green or greenish yellow. 
Occasionally mottled or with a bluish tinge varying 
in height from 0,6 to 4,5 m when full grown. Some 
giant varieties have been recorded as reaching 5 m. 
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CALYX : Reduced to pappus, 
COROLLA : Petals 5, gamopetalous, tubular 
ANDROSCIUM : Consists of 5 stamens, eplpetalous with usually-
short filaments alternating with petals. Syngenesioixs 
(stamens connate by their anthers and filaments free) 
bithecous, basifixed and introse. 
GYNOECIUM: Bicarpellary^ syncarpous^ ovary inferior^ unilocular, 
single ovule basally placed, style long and cylindrical, 
At the base of it is usually a ring like or tubular 
nectary, 
PRUIT : Fruit is achene. 
SEED : Seed is exalbuminous (starchy) containing straight 
embryo.Generally a compressed, flattish obJong, with 
the top truncated and base pointed roughly diamond 
shaped, 
POLLINATION : Pollination is through the agency of insects. 
The flowers are all aggregated together in heads and 
a single insect moving over the head can pollinate a 
large number of flowers. 
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LEAVES : 10-30 cm, long alternate (occassionally opposite) 
long stalked broadly ovate to cordate, coarsely 
toothed, roughly pubescent on both sides, frequently 
heavy and carried on long petioles. 
INFDDRESCENCE : Capitulum or head. 
FIDWER : Flower heads usually 7--15 cm in diameter but some-
times may attain 30-60 cm width under cultivation. 
Heterozygous, the peripheral flower (ray florets) 
and central flowers (disc florets) tubular. Involucre 
of bracts present. 
RAY FLORETS : Present on periphery bracteate, sessile, incom-
plete, zygomorphic, unisexual, pistillate (sterile) 
4-5 merous, epigynous and cyclic, ligulate, generally 
yellow, may vary from deep yellow to red, 
CALYX : Reduced to pappus, 
COROLIA : Petals 5, gamopetalous,ligulate. 
ANDROECIUM : Absent 
GYNOECIUM; Bicarpellary, syncarpous, ovary inferior, unilocular, 
single ovule, basally placed, style short and stigma 
bifid. 
DISC FLORETS : Present in centre, bracteate,sessile, complete, 
actinomorphic, bisexual,epigynous, cyclic and brown 
or purplish. 
OBSERVATIONS 
The mutagenic e f f e c t s of the chemical mutagens Sodium 
a z i d e , Thiourea, Caffeine, EDTA and I»1S on germinat ion o f s eeds , 
s e e d l i n g growth and morphological c h a r a c t e r s have been s tud i ed 
i n M^  gene ra t i on . Mutants have a l so been s e l e c t e d from t r e a t e d 
popu la t ions on the b a s i s of t h e i r morphological v a r i a t i o n s as 
compared to c o n t r o l . 
SEED GERMINATION : 
Germination was counted on 4 th , 7 t h , 10th, 13th, l 6 t h 
and 19th days t i l l the maximum germinat ion in c o n t r o l as wel l as 
t r e a t e d seeds was a t t a i n e d . Germination s t a r t e d 3rd day a f t e r 
sowing in c o n t r o l and on 4th day i t was ^6%, I t decreased with 
the i n c r e a s i n g concen t ra t ions o f d i f f e r e n t mutagens. 
The germinat ion on 4th day decreased from 6-296 in 0,04-0.4% 
sodium az ide and 0.2-0.8% c a f f e i n e , 8-2% in 0,2-0.4% Dimethyle-
s u l p h a t e , 8-6% in 0.2-1% Thiourea, 4-2% in 0.2-0.6% EDTA, On 
4th day the germination was h ighes t i n Thiourea and EWS followed 
by c a f f e i n e , sodium az ide and EDTA (Table 1 ) . 
The germination on 7 th day was 34% in c o n t r o l and decreased 
from 14-4% in sodium az ide (O.OA-2%), 22% (maximum) to 4% 
(minimum) in 0.2-1% DMS and 0,2-2% c a f f e i n e , 22-6% in 0,2 to 1% 
Thiourea, 12-4% in 0,2-4% EDTA (Table 1 ) . 
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On 10th day the germinat ion in c o n t r o l was 649C General ly 
the germination decreased with i n c r e a s i n g concen t r a t i ons and 
ranged between 1A-49< in 0.04 to 2% Sodium a z i d e , kO-Q% i n 0.2-49^ 
DMS, 48-169^ in 0.2-496 Thiourea, 32 to 6% i n 0.2-4?^ EDTA, A6-1496 
in 0.2-496 Caffeine (Table 1 ) . 
The maximum germination in c o n t r o l was a t t a i n e d on 13th 
day, but due t o delayed germinat ion in t r e a t e d seeds i t reached 
maximum on l6 th and 19th days . On 13th day the germinat ion 
ranged between 32-109^ in 0.04-296 sodium a z i d e , 58-1896 i n 0,2-496 
DMS, 58-3696 in 0.2-496 Thiourea, 66-2896 in 0,2-496 EDTA and 56-1896 
i n 0.2-496 Caffeine (Table 1 ) . 
On I6 th day the germinat ion in c o n t r o l was 8494 (296 s e e d l -
ings d i e d ) , 44-2094 in 0.04-296 Sodium a z i d e , 62-2294 i n 0.2-494 DMS, 
62-3294 in 0.2-496 Thiourea, 72-3296 in 0.2-494 EDTA. 
On I6 th day maximum germinat ion was 7294 observed i n 0.296 
EDTA (Table 1 ) . In the case of t r e a t e d popu la t ion o f SA and 
EDTA the germination s t i l l cont inued and reached maximum on 19th 
day. The maximum germination on t h a t day was 7A^3696 i n 0.04-296 
SA and 78-3096 i n 0.2-496 EDTA. On 19th day 7894 (maximum) germina-
t i o n was obta ined in 0.294 EDTA followed by 7494 in 0.0494 SA. 
However, in most of the h igher concen t r a t ions o f t h iou rea the 
m o r t i l i t y of the seed l ings was h igher followed by EDTA. 
2 . SEEDLING C?ROWTH : 
Height of seed l ings were measured from s o i l upto the grow-
ing t i p on 4 th , 7 t h , 10th, 13th, I6 th and 19th days a f t e r sowing. 
35 
The germination s ta r ted on , 3rd day in the contr\)l 
and the height of the seedlings measured on Ath, 7 th , 10th, and 
13th days. In delayed germination the height was measured on 
16th and 19th days also , tha t i s , t i l l the maximiam germination 
was established (Tables 2-6) . 
In Caffeine the average height of the control seedlings 
was 3.51 cm. I t ranged between 2.86 and 2.00 cm in 0,2 and 
0.896 on 4th day. There was no germination in 0,h% and 0,69<> 
Caffeine. On 7th day maximum height was obtained to be A,96 cm 
in control and decreased to 2.56 cm in 2.594 concentration 
(Table 2 ) . 
On the 10th and 13th day the height of the seedlings 
decreased from 5.75 cm to 2.37 cm and 7.16 - 3.37 cm respect ively 
in control to 4% concentrations (Table 2 ) . 
In ms the height did not d i f fer s ign i f ican t ly in 0.2 and 
0,h% as compared to control on 4th day (Table 3 ) . On 7th day 
the average height decreased from 4.96 cm (control) to 3.67 cm in 
1% concentration. On 10th, 13th and I6th day the average height 
of the seedlings decreased from 5.75 to 3.80 cm, 7.16 to 4.45 cm, 
and 9.84 cm to 6.44 cm in control to h% concentrations respect ively 
(Table 3 ) . 
In Sodium azide average height of the seedlings on 4th 
day increased over 3.51 (control) to 3.96, 4.55 and 3.90 cm. in 
0.04, 0.06 and 0.08% concentrations respect ively (Table-4). On 
7th day the average height in control was 4.96 cm and i t increased 
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over that of control in 0.04, to 0.2% concentrations and 
decreased, there after, in still higher concentrations. Simi-
larly the average height of the treated seedlings Increased 
over control on 10th and 13th day from 0.04 to 0,49^  concentra-
tions and decreased there after. On l6th day although the 
average height increased over control in most of the concentra-
tions but they did not follow linear trend due to gennination 
of new seedlings and death and decay of some older seedling^ 
(Table-4). 
Maximum germination was obtained on 19th day and the 
average height of the control seedlings was 12.5 cm. It decrea-
sed more or less linearly in higher concentrations. The increase 
in height over control seems to be due to enhancing effect of 
sodium azide (Table-4), 
In Thiourea on 4th and 7th day the average height of the 
seedling decreased from 3.51 cm to 3.10 cm and 4,96 cm to 3.33 cm 
in control to 1% concentrations. On 10th and 13th day the 
height decreased according to increasing concentrations from 
5,75 to 3,76 cm and 7.16 to 4.47 cm respectively in 0,2-4% 
concentrations. On I6th day the maximum height was attained to 
be 9,84 cm (control) and decreased more or less linearly from 
0,2-4% concentrations of Thiourea (Table-5). 
In SDTA the average height of the seedlings on 4th day 
decreased from 3,51 cm (control) to 3,2 cm (0,6% concentration, 
Table-6), 
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On 7th, 10th, 13th and I6th day, the average height of 
the seedlings decreased gradually from 4.96 to 2.75 cm, 5.75 to 
3.96 cm, 7.16 to 5.23 cm and 9.84 - 6,56 cm respectively from 
control - 49^  concentration (Table-6). 
On 19th day the maximum height was 12,5 cm (control) and 
it decreased from 10.45 cm to 8.38 cm in 0.2-49S concentrations 
(Table-6), 
MORPHOLOGICAL ABNORMALITIES AT SEEDLING STAGE 
The seedlings of control population show normal ovate, 
opposite,light to dark green colour and smooth cotyledonary 
leaves. First pair of vegetative leaves are opposite, ovate, 
slightly serrated, pointed, light to dark green with shining 
surface (plate A, Flg-l). 
Several abnormalities have been observed in cotyledonary 
leaves, first pair of vegetative and subsequent leaves in the 
treated populations. 
Decreased distance between the cotyledonary and vegetative 
leaves in 0.04 and 0.23^  sodium azide (Plate A, Figs. 2,3), 
notched vegetative leaves in 0,049^  SA (Plate A, Fig-2), both 
cotyledonary leaves arising from one point and second pair of 
vegetative leaves bifurcated in 0.19^  SA (Plate A, Fig-4), 
rudimentary cotyledonary leaves, under developed vegetative leaves 
and stunted grov/th of seedling (Plate A, Fig-5) are some of the 
mutations induced by sodium azide. Unequal cotyledonary leaves 
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have been observed in 2.5?^ DMS, 2% and 3,5% Thiourea ( p l a t e A, 
F igs . 6,11 and 14) . Moreover, in 2% Thiourea one o f the c o t y -
ledonary l e a f i s obovate (P la te A, Fig, 11) . Other mutat ions a re 
de-shaped and under developed cotyledonary leaves i n k% EDTA 
( p l a t e A, F i g , 7 ) , cotyledonary leaves with long p e t i o l e s i n 
2.5?^. I^S ( p l a t e A, F i g . 8 ) , deshaped and e longated cotyledonary 
and deformed v e g e t a t i v e leaves i n 3% EMS (P la te A, F i g , 9 ) , 
cotyledonary and v e g e t a t i v e leaves forming a c l u s t e r i n 2.59^ 
EWS (Pla te A, Fig. 10) . Over developed coty ledonary leaves have 
been observed in 3% Thiourea (p l a t e A, F i g , 1 2 ) , One c o t y l e d o -
nary l e a f i s long and obovate having f l a t t e n e d apex and o t h e r 
smal l and o v a t e . The f i r s t p a i r of v e g e t a t i v e leaves a re 
unequal in k% Thiourea (p la t e A, F i g , 1 3 ) , Notched cotyledonary 
l eaves , and t h i c k and l e a the ry v e g e t a t i v e l eaves with sh in ing 
surface have been observed in 0,Q% Caffeine (P l a t e A, F i g , 1 5 ) , 
One normal and one notched cotyledonary leaves and poor ly deve-
loped vege t a t i ve leaves have a l so been observed i n 1?^  Caffeine 
(P la te A, Fig, 16) . 
VARIATIONS IN LEAF MORPHOLOGY 
V a r i a t i o n s in l e a f morphology were observed in 45 days 
old seed l ings a l s o . At t h i s s t age the leaves were b igge r with 
d i s t i n c t morphological i d e n t i t y . In c o n t r o l s eed l i ngs the vege -
t a t i v e leaves were ovate with s e r r a t e margins , long p e t i o l e and 
acu te apex (Pla te B) , 
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In Thiourea (0.6?^ ) the leaves show slightly wavy margin, 
small lamina with small petiole (Plate-B-1), The leaves with 
long petiolate, serrate margin, ovate, and acute in 0,89^  
Thiourea (plate-B-2), small leaf with entire margin and obtuse 
leaf apex in 0,1% cone, ( Plate B-3), changed shape in 2% cone, 
(plate B-4), narrow leaf with wavy margin and small petiole in 
3% cone, (plate B-5),ovate with slightly wavy margin in 3.5% 
cone, and other one with undulate margin in k% concentration 
of Thiourea (plate B-6,7) have been frequently observed. 
In 0,06% and 1% sodium azide the leaves were deshaped 
(Plate B-8,12), very small heart shaped, notched and poorly 
developed leaf has been observed in 0,08?^  SA (Plate B-9), Ovate 
and obtuse leaves appeared in 0,6?^  and chlorophyll deficient 
leaves in 0,8% SA (Plate B-10,11), In 2% SA leaf was thick 
having long petiole and the chlorosis started from the apex 
(Plate B-13). 
In EDTA (0,2%) leaf was more smooth as compared to normal 
(plate B-14), Very prominent characters have been observed as 
reduced and under developed leaf in 0,4% cone, (plate B-15) and 
chlorophyll deficient leaf in 0,6% cone, (plate B-16), In 0,6% 
and 1% Caffeine the leaf showed wavy margin with stunted growth 
and acute apex respectively (Plate B-17,18), 
In DMS the variations were the elongated leaf with broad 
base and narrow apex (in 0,4%) (plate B-19), wavy margin with 
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shining surface in 0,6% (plate &-20) and long pe t io l a t e leaf 
with p e r t i a l l y ser ra te and p a r t i a l l y smooth margin in 2% 
(Plate B-21). 
MORPHOLOGICAL ABNORMALITIES IN MATURE PLANTS 
The plants are erect bearing s l i gh t l y a l t e r n a t e , e lon-
gated, ovate, serra ted, and acute leaves and termianl i n f l o r e -
scence in normal condition (Plate C-1,2). 
In EDTA (0.4?^) the young p lan t shows dwarf plant with 
weak stem and few number of leaves. Flower i s a lso very small 
(plate C-3). Dwarf plants have also been obtained in 0,296 DMS. 
In normal condition the inflorescences are terminal but the 
p lants with terminal inflorescence and large number of ax i l l a ry 
heads making a c lus te r have been isola ted as important mutants 
in 2.59< EDTA (plate-C, Fig,4) , 
Besides these, other var ia t ions such as semi erect,weak 
or thick stem mutants, decreased number of leaves, reduced s ize , 
two leaves a r i s ing from a single point and mutants bearing small 
leaves with en t i re margin have been observed in these mutagens. 
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Seedl ing abno rma l i t i e s 
P l a t e - A F igs . 1-16 
F ig , -1 Control seed l ings showing cotyledonary and f i r s t and 
second p a i r of v e g e t a t i v e l e a v e s . 
F i g , - 2 , 3 Decreased d i s t ance between the coty ledonary and v e g e -
t a t i v e l e a v e s . Vegetat ive leaves a re l e a t h e r y and 
one with notch (ino.049i and0,2% SA). 
F i g , - 4 Both cotyledonary leaves a r i s i n g from one p o i n t , and 
t h i r d p a i r of v e g e t a t i v e leaves b i fu rca t ed ( in 0,196 
SA), 
F i g , - 5 Cotyledonary leaves rudimentary, v e g e t a t i v e l eaves 
under developed, s tun ted growth of s e e d l i n g (0,6?6 SA). 
F ig , -6 Cotyledonary leaves unequal and of d i f f e r e n t shapes 
(3% SDTA), 
F ig , -7 Deshaped and under developed co ty ledonary leaves 
M 3DTA), 
F ig , -8 Cotyledonary leaves with long p e t i o l e s . One c o t y l e -
donary l e a f having lobe (2.5?^ DMS). 
F i g , - 9 Deshaped and elongated cotyledonary and deformed 
vege t a t i ve leaves 0% DMS), 
F ig , -10 C lus t e r of cotyledonary and v e g e t a t i v e leaves (2.5% 
DMS). 
Fig.-11 Unequal cotyledonary leaves (2% T h i o u r e a ) . 
F ig . -12 Over developed cotyledonary l e a v e s . Whorl of c o t y -
ledonary and v e g e t a t i v e leaves (3% Th iourea ) , 
F ig , -13 One cotyledonary l e a f long and h e a r t shaped and o t h e r 
smal l and ova te , u n e q u a l ^ f i r s t p a i r o f v e g e t a t i v e 
leaves (4% Thiourea) , 
F ig , -14 Unequal cotyledonary l e a v e s , notched, unequal and 
deformed v e g e t a t i v e leaves (3.5% Thiourea ) , 
F ig , -15 Notched cotyledonary l e a v e s , t h i c k v e g e t a t i v e leaves 
with sh in ing surface (0.8% c a f f e i n e ) . 
F i g . - l 6 One normal and one notched cotyledonary l e a v e s , poor ly 
developed v e g e t a t i v e leaves (1% C a f f e i n e ) . 
PLATE-A 
SEEDLING ABNORMALITIES 
Leaf mutations 
PLATE-B, Fig. 1-21 
Fig,-1 Small leaf with slightly wavy margin and small petiola. 
Fig.—2 laaf with long petiole, serrate margin, ovate and acute. 
Fig.-3 Small leaf with entire margin, obtuse leaf apex. 
Fig,-4 leaf showing change in shape • 
Flg:,-5 ITarrow wavy leaf having small petiole. 
Fig.-6 Ovate leaf with slightly wavy margin. 
Fig,-7 Leaf showing undulate margin. 
Fig.-8 Deshaped leaf having small petiole and lobes with 
notched apex. 
Fig,-9- Poorly developed, heart shaped leaf showing notched apex. 
Fig,-to Ovate leaf having obtuse apex 
Pig,-1i. Leaf showing smooth margin, oval shape with notch, 
chlorophyll deficient, 
FIg',-12 Deshaped with shining surl^ce. 
Fig,-13 Thick leaf with long petiole, chlorosis starting from 
the apex, 
Fig,-1^, Leaf surface smooth and long petiole. 
Fig,-1'5 Reduced and under developed leaf. 
Fig,-16 Leaf showing shining smooth margin, small petiole and 
chlorophyll deficiency, 
Fig,-17 Leaf showing wavy margin and stunted apex, 
Fig*.-18 Thick, heart shaped bigger leaf with thick petiole, 
Fig«-19 Elongated leaf with broad base and narrow apex. 
Fig.-20 Wavy margin with shining surface. 
Fig„-21 Long petiolate leaf with partially serrate and partially 
smooth margin. 
CONTHX ©) ® [ ® 4)1 
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PLATE-B 
LEAF MUTATIONS 
Morpnoloa^lcal abnormalities in 
ma t u r e p lan t s 
PI.ATE-G, Figs. 1-A 
Fig,-1 Control p lant 
Fig,-2 Control p lant showing enlarged Inflorescence, 
Fig,-3 Dwarf p lant with weak stem, lesser number of leaves and 
small terminal inflorescence. 
Fig.-4 Terminal and ax i l l a ry inflorescences forming c l u s t e r . 
PLATE-C 
MORPHOLOGICAL ABNORMALITIES IN MATURE PLANTS 
DISCUSSION 
The present discussion is mainly confined to the effect 
of thiourea,caffeine, sodium azide, dimethyle sulphate and 
ethylenediamine tetraacetic acid on seed germination, seedling 
growth, seedling morphology and plant morphology of Hellanthus 
annuus L, The probable reasons and explanations regarding the 
mutagenic effects have been discussed. 
Seed Germination : Seed germination after a period of dormancy 
is a resumption of active metabolism manifested in visible 
grov/th. Generally the germination decreased with increasing 
concentrations of mutagens with the only difference in their 
percentage. The reduced germination percentage due to inhibitory 
effect, as observed in Helianthus annuus, has been reported in 
different plants, such as pulses (Sahai, 1974), tomato 
(Khamankar, 1974). Similar results have also been reported by 
many workers (Basu and Basu, 1968; Rajput, 1970; Patel and Shah, 
1974; Sinha and Sinha, 1977; Chandra and Tewari, 1978; Siddiqui 
et al., 1979, 1980). 
In Helianthus also the decreased germination was reported 
by Carbineau et al, (1988) by the treatment of methyl jasmonate. 
Several workers have made an attempt to explain the causes 
responsible for inhibition of seed germination. The destruction 
of growth regulators (Sideris et al., 1971) and metabolic dis-
turbances during germination (Ananthaswamy et al.,197l) may be 
the reasons. 
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Griffiths and Johnson (1962) and Srivastava (1979) consi-
dered that reduction in germination percentage was due to weaken-
ing and disturbances of growth processes regulating in early-
elimination of seedlings. 
According to Corbineau et al, (1988) the methyl jasmonate 
inhibits root and hypocotyle growth depending upon the concen-
trations. 
Delayed germination was recorded more in higher concen-
trations of IMS, thiourea and caffeine than EDTA and SA in the 
present material. Similar delayed germination has also been 
reported in pearl millet (Burton and Powell, 1965) Corchorus sp, 
(Sen and Ghosh, 1968) and Phaseolus vulgaris (Bajaj et al.,1970). 
II SEEDLING GROWTH : The average seedling height exhibited 
retarding effect and the growth decreases with the increasing 
concentrations of almost all mutagens in M^ generation. Similar 
effects by die thy le sulphate (DSS) on Air mi ma .jus L, (Ansari 
,1983), barley (Hein .er et al., i960), rice (Sato, 1966) 
have also been reported. 
There is also a record of other mutagens which at lower 
concentrations act as growth regulators (Ashton and Crafts, 
1973). Generally the seedling growth decreased with increasing 
concentrations of almost all mutagens. Similar results were also 
observed by several workers on different crops. Burton and 
Powell (1966) found drastic reduction of seedling growth in 
Pennisetum typhoides. 
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Various workers have attempted to explain the phenomenon 
of reduced seedling growth by mutagenic treatments. Gray and 
Scholes (1951) and Lea (1955) suggested that the most probable 
causes are uneven damage to the raeristematic cells as a conse-
quence of genetic injuries, chromosomal damages and/or inhibi-
tion of cell division (Sparrow et al., 1961), Russel and Martin 
(1952) were of the opinion that the reduced growth by mutagenic 
treatments was due to chromosomal damages and in part due to 
physiological disturbances which affected height. Sparrow and 
Sparrow (1965) concluded that the growth inhibition arises from 
the interference with the cell elongation. 
Inhibition or impaired mitosis could also be the reason 
for reduced growth (Mergen and Johanson_,l964). Thoday (1954) 
opined that structural changes in the constitution of chromosome 
is a major factor in growth inhibition. 
The enhancing effect of EDTA at lower concentrations in 
Helianthus annuus may be due to less toxicity which is also 
supported by Kiril (1980) as observed in the case of maize. 
It has been noted that height of the seedlings decreased 
with mutagenic treatment whereas on mautre plant the effect is 
insignificant. Sparrow et al. (1958) reported that although 
reduced stem elongation is supposed to be due to reduce 
nutrition contents the mechanism of assimilation may also be 
important factor. 
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The seedling and plant survival decreased with increasing 
concentrations of mutagens. This could be due to the disorder 
in physiological activities or because of chromosomal damage 
leading to mitotic arrest, 
ABNORMALITIES IN SEEDLINGS AND MATURE PLANTS : 
The abnormalities of seedlings and mature plants, such 
as shape and size of cotyledonary and vegetative leaves, were 
commonly observed in all the mutagens and their frequency 
increased with the increasing concentrations. Variation in 
shape, size and number of the cotyledonary leaves, as observed 
in Helianthus annuus, are the common effect of mutagens. 
Similar changes have also been induced in tomato 
(Margaret and James, 1969), Portulaca grandiflora (Lata and Gupta, 
1971) and Tectona grandis (inamdar et al., 1977). According to 
Devreux and Mugnozza (1964) the disturbances in metabolic acti-
vities due to mutagenic treatments may be one of the important 
i&ctors responsible for such anomalies in plants. Mutations were 
induced with various mutagens in Pisum and Hordeum by Shanna 
et al, (1976) and they believed that strong mutagens more or 
less affect all the genes with varying frequencies. 
The occurrence of morphological abnormalities at early 
ontogeny and their occassional disappearance at early stages 
may be related to physiological disorder or induced lethals and 
sublethals which are eliminated later, Lee and Halloran (1975) 
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induced the leaflet number, cotyledon number and chlorophyll 
mutants by mutagen treatment, Corbineau et al. (1988) also 
observed inhibited chlorophyll biosynthesis in Helianthus annuus 
resulting in chlorophyll mutation. 
Fbrmation of abnormal leaves or variations in leaf shape, 
size, margin and apex as observed in Helianthus annuus, have 
also been reported by Basu (1962) in Gorchorus species, Nayer 
and George (1969) in Brassica .iuncea and BaJaJ et al. (1970) in 
Phaseolus vulgaris. 
The induced morphological abnormalities in Helianthus 
annuus by thiourea, caffeine, EDTA, sodium azide, and dimethyl 
sulphate were mostly concentration dependent and were in 
conformity with the findings of other workers. 
In higher concentrations of caffeine and thiourea there 
was a general damage and the mutation frequency was considerably 
lower in present material. Similarly Konzak et al, (1965) found 
increased damage to mutations at higher concentrations but 
treatment with low concentrations for long period produced high 
rates of M. plant survival and mutations. 
F&ctors responsible for the induction of leaf abnormali-
ties are not well known. Hagen and GiAnckel (1958) found in 
general that where leaf abnormalities occur, there was a conco-
mitant increase in the free amino acid contents of these leaves. 
Similar f&ctors may be responsible for leaf variations in other 
mutagens also. 
SUMMARY 
The effect of Thiourea, Caffeine, Sodium azide, Ethylene 
diamine tetra acetic acid and Dimethyl sulphate on seed germi-
nation, seedling and plant growth and morphology of Helianthus 
annuus L. has been studied in M. generation. Mutants are also 
being maintained in M2 generation. 
1. Lower doses of chemical mutagens caused no significant effect 
on seed germination but in higher concentrations the delayed 
and decreased germination was observed. The delay was signi-
ficant in EDTA and SA while in Caffeine, Thiourea, and IMS 
the delay was not much significant. Some seedlings died in 
all the chemicals but the frequency was more in thiourea 
followed by EDTA. 
2. Lower doses of EDTA exhibited stimulatory effect over control 
on seedling growth, while in higher doses the seedling height 
decreased. In thiourea, caffeine EDTA and IMS the average 
seedling height decreased linearly with the increasing con-
centrations, but in SA, the average seedling height did not 
follow linear trend due to germination of new seedlings and 
death and decay of some older seedlings. 
3. The cotyledonary leaves of treated populations exhibited 
abnormalities like unequal size, deshaping, cluster formation, 
over growth, notching and rudimentary in higher doses. Most 
of the abnoiTnalities were observed in all the mutagens. 
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4. Fi rs t pa i r of vegetative leaves also exhibited morpholo-
gical var ia t ions l ike poor development, deshaping, v;hor1 
formation and change in margin and apex in a l l the mutagens, 
5. Older seedlings also exhibited morphological var ia t ions 
l ike varied leaf shape, decreased ni;imber of leaves and 
change in morphology. 
6. In the mature plants the morphological mutants l ike 
dwarfism, presence of ax i l l a ry inflorescence instead of 
head and agregation of large number of ax i l l a ry heads., 
have been observed. 
FUTURE PUN OF WORK 
The mutagenic work has been started by the treatment of 
chemical mutagens - Sodium azide, diemethyl sulphate, thiourea, 
ethylene diamine tetra acetic acid and caffeine , on Hellanthus 
annuus L, Important variants have been obtained in the treated 
populations and isolated in M>. generation. So f&r their morpho-
logical characters have been studied. Further plan of work is 
summarized below; 
1, Attempts will be made to obtain improved mutants/varieties 
through the induction of mutations. The mutants obtained 
in the treated populations of M^ generation have been sown in 
M2. In this generation the true mutants/recessive mutants 
will be detected out and maintained separately on the basis 
of change in habit, seedling and plant morphology, branching, 
if any, inflorescence characters, yield, seed morphology 
etc, 
2, The seeds obtained from these selected mutants as well as 
from general treated populations will be sown in M^, and M^ 
generations, to find out segregation, if any, and to 
establish the true mutants. In every generation the inflore-
scences will be selfed to maintain homozygocity, 
3, The seeds will also be treated with different doses of 
gamma rays alone and in combination with chemical mutagens 
for effective induction of mutation and to assess their 
A9 
comparative efficiency and effectiveness. The mutants thus 
obtained will be confirmed in Mp and M, and maintained in 
successive generations. Comparative observations of morpho-
logy* yield etc. will be made, 
4. The decrease or increase in yield, oil content and oil 
constituents over control will be estimated. 
5. Production of polyploids (autotetraploids) will be attempted 
in order to obtain better quality, bigger seeds and high 
yield by the treatment of 0.29^  aqueous solution of colchicine 
6. Cytogenetic studies of control, randomly selected plants of 
treated populations, selected mutants and colchiploids will 
be carried out in detail in M^, Mp and M3 generations. 
Specially the number and behaviour of chromosomes, like 
pairing behaviour, chiasma frequency, bivalents, univalents, 
multivalents, bridges, laggards and other abberrations will 
be studied. A relationship between morphological variations 
of the plants and structural and morphological variations of 
chromosomes will be worked out l^ i^ch comes at the later 
stages. 
7. Data recorded in M^, Mp and M, generations will be subjected 
to statistical analysis to establish various relationships. 
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